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(57) [mm] 

k >*iHMMi 303 &mm»<mit 

1 3£WT£fc<D-C&9. S»»tt»©Xtr>*fil3&HM¥ 

& o < tts^ff <fc o rasiffl^»fcr * c £ l 
T««*SBtt-rafc©T. tmr^i 3*H«:irfi 
f*WK£H-r * J: 5 feat 3 *i & ar 1 g3£g<D## 9 

n. I^v F«l 2iTMR*f 1 3il««WK:»IS 

nri^s^»»tt©asi>*ys8jEi tcfci^r, tmr 
sit 1 3 ©ffl9ffi«^tt«j*as «ci^WJfi^ yrii6t? 



1 




(2) 

1 

ipi^w t o < <t r taawfi^itr *> c t 

zmmoxmnz&mrzbvx. 

awe v ^ztmrnsmm+zmtc ^xtLwrn^m-^ 

iiBis<D»$u*y3$R, 

l < «a{fc^> y ^ >rMts c <b «:i#ai -r 

3 ffits<D»su * y ^gcD$js^^ 0 30 

[000 1 ] 
[0002] 

IffffjlftAS* #te«^5fcft£<DfflA 40 
>*y***n^***^©**ccy^ ^lfc»4b> iiS 

[0003] w*tf . sw©«m*> h ijw*- 
&-?r4>, ^»«tt^*yttfflA©«fitt«*H*«a-r 
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[0 0 0 4] Sfc, *ifi©9FB««tt^H«cigi»^ci » 

tci^r?^, £/c. ««*AtisiR«FCcfittr* 
[ooo5] ^tt^^'j <h uttt, mm»*mi>tc 

77>r>a^^'J^ S^iMffll^/cFRAM (Ferr 
o electric Random Access Memory) & £H$$>Vf htl 

RAMcc*$^r«, S#&* pJ6B[Hl»a* i o 11 - i o 14 
* * ^^>yAT^H2^y*y{ca#«s^*tc«ii»^tt 

[0 00 6] C*i6©^**Sttl»^W#6tt^-=tUi 
OT?£@£ Jvrt>£<D# v MR AM (Maqnetic Random 
Access Memory) t kfttlZW^J* V T*#>£o WW© 
MR AMteJ.M.Dauqhton, "Thin Solid Films" Vol.216 
(1992) , p . 162-168T $BS ^ntC^AMR (Ani sotropi c 

Maqneto Resistive)$J:^-^D.D.Tanq et al . , "iECMTec 
hnical Diqest" (1997) , p . 995-99 TTfR^ £ tlX I * 5 G 
MR (Giant Maqneto Resistance^J^^rlS o /cX b*>>^ 

Jl/*gffi#l 0Q-1 0 OQifiC^ H*tBL«FC[>fcr 
v h ^>/c o # < A§S{ b^St 0 1 » <h t » 3 

[0 00 7] -STMR (Tunnel Maqneto Resistanc 
e) ^tl^iR.Meservey et al . , "Pysics Reports" Vol .2 
38(1994) , p .214-217-C$R§ $ ftT l> 6 £ 5 CCjgSi^b^ 
^ifit 1 %^2%l^^-)/c^, ifi^T.Miyazaki e 
t al., "J. Magnetism & Maqnetic Material" Vol. 139(1 
995),L23ir$R££nri>£J:^ffi£i^b^2 0%& 
<nhtlZ>&*>t<CU<0 . TMRaMo/cMRAMtC 

[0 00 8] MRAMU fltjS^**fir*^A:«)iS»a 

i^flgn, BSECCl 0 0MHzrttfppJffi-C*SCi 
R.Scheuerlein et al . , "ISSCC Digest of Technic 
al Papers" (Feb. 2000) ,p.l28-129"C$S#$ *VC 
[0 00 9] 



3 

RAM«, »atttt{C»£ftfc/53rt*0. 5nm-5n 

58tt*ow to^fiiK: <t o tse*> £ c <t o x en 

[0010] ctitt h >* Jl/H^bflftDJKJiSB*CC*jW4H 
(K.Tsuii et al., 4 1 EDM" (2001), p799) % ANtftttK 

jtZftZ. m&te#&fflt2ftZ>WicJ:~>x. &J8ttf* 
P^o h >^^BMb«cr>K/*^^ y*. *m#c> £V« 

[0 0 1 l] 

to o i 2 ] *am<Dvmj**:vmmz* b>*jmm 

<t o r»ja«i#«fb-r ^ci»i r ««*E«r « 

£H-r*j:5K:eHs*i*gri ettte j: &m 2 eta * « 
itregr 1 EtB&me h >* juaafcta*^ «hm 

[0013] _ke»£u* 'JggtiJ, h >*;u«f«g 
fbtt««©*MS^ *>3&« h >*ju^«BiaRT-©flHffi 

j:0ftATsc4^i»±sns. c©«», maun 

^aaata*^-© h >*;ufft»JB©W»3&«^bbrfll« 
< ft *) , fi7EKi£#i!#-r if /c»^tc h >*;i/«M* 

»*ifc*««tt#jBra±3&ijsi»-r * <t i> 5 ma^iaiB s 
ft*, gfc, h>^;«i^^rM?n6aiS 

W<tt*il^PflH*>laljB3tiS. 
[0014] *«98<D««y * 'J ^g©i!ig^2£«. h 

L < iigWtC ct o TfifKff bT & C i * jpj 

mLxm^m-rz^mzmom^s* vm&omm 
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[0015] xtBf&fu^ y«»o«iS#ffirtt, h > 

-<^>^>M{btt!»ll©7kM8>f *>3&s 
sR^OWJfficfcOftA-rSCi^BSiSn^. cons*. 
^^^ra^JgO^^SXg^teC^Hfajfe^M^J: 0 

xgr©**©ic»tc±^a7cffifla6c<fcoT, h>*;u 
msmm^o bzs*>mmm<Dmm&mtLxmB& 

*»*9fiS8ttt*JWB±*sjS»-r £ <b t» SWIfcWgiBS ft 

a^Bi^bsn. ztiicjz-yx b>*)\,tmm<Dmmf>m 

[0016] 

mmmic£->xmw-?z><, 

[0 0 17] BlteTSrASK:. (MiLldCp 

M$nrc^ e CCDpM^x;l/M^2 2CC» 1 
^5rJB«««*»«-ra3RT-»|»««2 3 lvb*> 
(Shallow Trench Isolation) -CW^nt^ 
*. JJBpS->i^««2 2±«:«. y-h*fe^M2 5 
^Uty-Hi (»7- m) 26AWl£2fts f- 
hm@2 6<DMffl(CteW-Sp^^x;U^2 2K«:l£ffc 
30 ««« <«jttfN # 2 7, ZStmOiS 

ft, mm<DnfmmMb?>i?x*2 4&msiSftx 

[0018] ±MZMn%l%: b?>zsXZ2 4 6iR*ffl 0 

[00 19] ±IBmi?^mMh^>> J X^2 4^S^« 
40 4 1 (Ctt±IBJ£»JB«« 2 7,2 8 CC S^W ^> 3 > ^ ^ 

h (m(^>^xf>77^) 29, 3o^w?n 

K3 i^w$nti^ 0 
[0020] ±fB» 1 fe^M4 1 ±jc«, ±se-fe 
1 5, Sl7>f^>^-; K3 l9«ra^m2ttHKM 
4 2*W$nrc^ 0 C(D^2^l^4 2CC«±fBm 
l7>f^>^A' 7 K3 l^cSM1*S3>^^h (m 

«^>yxf>77^) 3 3«$nrc^ B se>cc 
50 ±82»2J(6MW4 2±«:«, 3>£* h3 3CC««T^ 



5 

^7>f^^'-; F3 5, »*i&**-F8l 19 

[0 02 1 ] ±ia^2fe^^4 2±CCtt, ±IB#£jA# 
»7-F«l 1, S27>f^^-; K3 5**«5* 
3E»l4 3*W?ntC^ e CO»3J»»R4 3«: 
±IBJ?l2^>f^ >£0<v K3 5CCi8tt-r*n>* 

3 6tc±i2»3«jBH4 3±ta* % ±iBS*ii*"7 
-F«l l±*ct*)±BB3>^^ F3 70±«SSB«:SJK 
-TST»SMW3 1 2aW«tttt»KJ:g*«S*vCl» 

3. C<DTtfe^mH3 1 2«S^mtt»!lif5jfi|CDlvt*4 

rjKJsKsnsfc©r*-or tic*. 

[0 02 2 ] 3 ±IBTtfe^®13 1 2±Ktt±E 

s&asttftji 305 mm 5 n , c ©K»»ttf* » 3 o 

*'lttlM3 0 3«tttttt(MI^6tt«K{bB£JI3 0 

2 <hIBt£JI3 0 4r»tP««*W-T*««Ett*T- (a 
T\ TMR^il^) 13*«^tl^„ COT 
MRSfrF-l 3tcoi>Ttt, accftjSTS. 

[0 02 3 ] ±ETMR3HF- 1 3<DWJiStc«, *^ <# 
JR-Y*>fcSfc> **«B^*>. l»Wlc»T6^y 

CCDfflM^*»;TH6 1 TMRST-13 0 
h > * ;l>*6liJi 3 0 3 CDffliJM , fccfcO* b>* Jl/ttJiUl 3 
0 3 ilS«S3 0 4 £OWffi^OffiiJi££&Sir£ J: 5 

[0 024 ] ±E»3 ©«M*K4 3±K«±BS?tffi8tt 
*130 5, TMRJt^l 3««!994®lfi>W4 4 

{tsn, ±etmr**i 3©«±«^«fflsnri» 

±ESM<D*ft»fii4 4±K:tt. ±ETMRiR^l 3 

UBTMRJR^l 3*B«:ora[#W«:3flsa (KiW 
S£) rSlfg2EK<D^? h«l 2«$titl^o 
[0 02 5] ±iBTMRfS^-l 3<D-m*. M2 

«C, JJBK3ffl8tt*B3 0 5±K, 91 <7>e&{b@®f 3 

o 6 twiatfiBammtcm&r h a 5 3 

0 7 £#2©«MfcH5e»3 0 8 &«IH(CflUIOrftft« 

fkB£n 302, b >*)\,mM 303, en 3 0 

4. 3 6cc** yym3 1 3*micmmbxmi&2tix 

CCt?ttfi8ftH®B3 0 2*8Mi«J6<bL^. 

[0026] ±8HEtt» 304, ±sm i omitmmm 

3 0 6, 3 0 8«, ftt0<«3^ 
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[0 02 7 ] ±KaMttMI 3 0 7 «*. tf % ;bir- * 
[0 02 8 ] ±E» 1 €«{b@;£Ji 3 0 6 JS&SStt 

(*H3 0 5isr5t*sstc^$nrciT, cn^oji 

[0 0 2 9 ] ±EE56»ttfl* 3 0 5 «, Wx.il & • 

nv^l/FKib^fc<tC>^^^l/»<bia<D^^©l 
[0 0 3 0 ] ±IBF>*;bi»i»»3 0 3«, 01*. tf, K 

fbr;us~^A, Kfbv^*s/«?A. »<tvj3>, 
fbr;i^^A, ^bv^*>^A, ^{b^>v^>, 8 

[ o o 3 1 ] ±e b >*>istmm 3 o 3 «, jjBettii 

20 3 0 4 ±±EfiflMbBJ£JB3 0 2 i©««Wte^*«J4 i 
6©«tttt*jJ:^aji«{tH«, ice, */<**'J>yffi 

[003 2] $ 6(C*±H«:W* 13 ^fig 

Stints. C©++?^13 13B, TMRS^13 
iJBOOTMRSR^l 3 i^«ttT&iBlHl<fc<Z>fflSa;»l» 
±. Sft4fitaiSS*5i:^fBtgB 3 0 4 fl«{bl»±t C» 5 
30 ««**tS. a*. Si, Wb*>jrjk ^>^;b, a 

i*J13 0 5«, TMR**iitJUCC*|»3nax^ 
>y*-f-i©»«l«:ffll^*i4T«»WB3 1 2 (0 1 

[003 3] *«c±ESBt«> ^'JgSl ©HfttllWf 
a. ±gBTMR*T-l 3m fiHE^aEtflaamtcJ:^ F> 

*^«aaE^b*«iiiL/T««*R*a"r^. ^ojss*« 
fa«JB3 o 4tmi . m2(omitm&m3 o 6, 308 

40 [0 0 3 4] $/c±IBTMRf^l3m t*MSl 
2te£UW&&fr r 7- Ftt 1 lCC«as%»L. -ecD^SJ 

»^natit®3 0 4©«ft©S[fii^t r 1 j sfcw: 
roj *eB»-r&. «*auiSBt»at«a*K:j:4h> 

*^W«fb«r*WJUrfT9. EtM3 0 4&ttfbB£ 
®3 0 5©Wb^*5«Ul^»^*(5aEtSCCn*«iL 

t^roj <b-r^)<!:u. Etta 3 0 4<b®<b@^Ji3 0 

5©Wb#Ift^RW0»d*J««iSCCti*«iL« 
r 1 j 

[0 0 3 5 ] *mi<0®£LJ*:V2&t lrtt, TMR^ 
50 -T-l 3©ffM. 1$tc h >*;HB«JB3 0 3(D(WffiiC<D 
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h >*j\stmm 303 zmtsM<mfcm3 o 2 ^j^'ib 
ten 3 0 4 <tcD^®«iaofiijs«, 

^->OgA^K5^IT^Ci^r*^ 0 C(Dtc&. TMR 
*■¥■ 1 3©«H40*{t^> b >*Jl/*ft»)B3 0 3 0)SJI^ 

[0 03 6 ] *»^©8BE«^ * 1 ©Jtttfll 

<tb"C\ 3CDfHiJMCCfflfJ|g^'UT@6 

$35 T £ P - T E O S (PI asma Tet ra-EthoxySi 1 ane) 
^HDP (High Density Plasma CVD) ^<Dji?£^/83 

n*** (7mj*> <h* ) fc^to 

(OH* ) ccji^rfiTcSti, *s<Dt§£K:ttr>*JU 
^MU^j«MXg£§Bte LfciH»©BW fcenani-r T 

[0 03 7] >;««<D«Ji*ffi 

[0 03 8] H5«*UfcC>**, *3W*«RCC, §S 

mitmmmzmmrz. zhicmsco < 1 > ccsvrj: 

$ltgiI4 1(C t H5%ttLrc»ttl»R*mi/ F 
•7>^X^f(DS£»««:SSK3tiS3>^^ r 2 9, 3 0 
•*««r6. S6«:±BE*Hft»R4 l±CCa>4r^ 
h2 9tC««-T*-fe>^J»l 5, h 3 OteJ&Bfc 

±iBC©»liail«l4 1±CC, m«fh7ih+^> 
7>*Brai»/c«X7CVDffi«:j:0, ±SBSfll 

yn>(P-TEOS)JB (^7jH±r) 1 0 0 

cfcO, H{t^V3> (HDP) J^4 2 1*«AK8 0 0 
nm©J»3K:fiSJKU $ 6«:M<fcS/y n> ( P - T E O 
S) Jg4 2 2«ffl*.tfl 2 0 0 nmCCWSluSROT, 

fflfitcioT, ±EflllS>? ff -f >^'** F3 1±«C0J 
;Ui7 0 0 nm©«3©jRff*»^:5K:, ±IBI?I2*& 

[0039]^ ±E¥«{fc3ftfc±E«2IB*l«4 
i N) 84m«2 0 nmCDmZfcJSmisXmmtZ. 
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-east us** hmii, u x ? 

[0 040] ycivr. ±Btfr*-^<*->*Sai>ja 

tfJ:5Cc±Bx 9 ^>^ h 7^'l±«:P-TEOSl 
*«*tf3 00nm©J*3«c««t/C, SI3ieiMt4 3 
(431) «B0ETS. *:<D'&. IsitX HUSH, V 
V^7^II, i^>^II*8t t ffl3*£i|*Jg 
4 3 UClB«8l4 9*JBJSS'rS<tifcCC±IB»l 

io -f K3 icca-r-sfcfr*-ju4 8*sc^BBn-r 
vy =j>3wa«wccx y ^>ys*i4ftfrrtf 5. 

1 1 PVD (Physical Vapor Deposit 

ion) ^(aot, ±E£ 7*-JU4 8*J<ktf±ElB3» 

»4 9<D&ftiBcc<y *jujb (ERvS"**) Mx. 
20 -Jb4 8*jJ:^±gBiea»4 9«:*dbiAtfJ:^(c. il£ 

jh^iju, ±ee«»4 9rtcc/<i;ry f ii/Ji 

*^Ur«J:0rt4«*ii*7- FSU 1, 92^^ 

F3 5*^-rsiifcfc, ±etrr*--rt/ 

4 8p f 9Cc^'yr^^;u)l^^LTii«J:D^^^7^5 o 

[0 04 2 ] ±IBf£3 HBWR4 3 1 ±CC±IBS 

£jA^"7- Ffltl 1 . S2 7>f^>^^ F3 5 3§s* 
30 a^±«S5»(Dm3«J»J84 3 (4 3 2) WiBP 

-t e o sjg^wu* i o o n moimzicmmLxjtm 

F3 5**«9W3IBIMI4 3*JP-TEO 
S«T*J«3ti*. 

[0 0 4 3] ±iB7*n-feXW— fflt^ot, WtK, Hz 
5. ^l7>f^ >^>'^ F3 l«(2giEtRft 
««U:or«JSS-J-*Ci<>aIttr*0, »*i&*-7-F 
811, S27>f^ F3 5 ^«3l^OSBSg? 

-XUCCcfc'X ±SB»3 0*BI»«4 3±K:vX^ (0^ 

n*r) t*jflELfc«, *©v***fljtvcx?*>y«: 
J;DS27>7 : ^>yA', K3 5Cc»iR-r5tT^-;l/ 

5 1 

[0 04 5]iUt, PV D(Physical Vapor Depositi 

3 0 5. «8att«*&«c*»ftH©I3 0 2. h>*A 
fe^i3 0 3. *SBtt*^6Sc-5SBtt)B3 0 4. » 
^'13 1 3ftft%jSITr&. 

so [0 04 6]±E^«;r»cctt % mtf, ^b^-^>, 
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±IB&&S8ttf*J13 0 5 6Ctt, W*tf. & • v>#> v 

[0 04 7 ] JJB»f bfflJEB 3 02(C 

C©»fbH5£»3 0 2 (i^IW*13 0 5 ±<D&tkm 

^KJ^T* ^b<D#fr#t'~>^ (pinning) £ft 

£ e ±IEm{bS^il 3 0 2 «b?SBH 2 Cc J: otl^ 10 

[0 04 8 ] ±SBh>*^**»3 0 3«:tt % 

0 3(t 0. 5nm-5nmigCD^Ci^g 

WBtiE3n^«^*-5fc«>, Wxtf* ALD (Atomic 
Layer Deposition) & L < teX^* ? £ U > ^C<£ 

[0 04 9 ] 8^ttfr6tc£±ffiK«JB 3 04 frU*. 
«iL«, - • F* • i*#(D?»S8tt*W"r 20 

£££»»*JBC>*C£#r*£. CG>SBttJB3 0 4 

f«rt*«WbH5e» 3 0 2 tc*t LtW4 1/ < WKWrteS 

[0 0 5 0 3 ±iB*+ *7J13 1 3tt, fllittf* 

So 

[0 0 5 1 3 :*c>T\ 03 co (2) CCTjVri^fc:, 
XFMIl, y *-Xgic<fc»K _hIB*+ ? 

7l3 13iJC7X^e«L/cfi ^CD-?*^£fflt,> 30 

h©v^^*m«Ty^>ycc<»:oi«*u/ca. ±IB 

+ t^i3 1 3^v^^{CL/rTMR^45f^-T6 
3 0 5) £JjnXLT, TMR^13 4MT5o 139 

r«iattJi 3 0 4 & zmmrnm 3 0 2 ±g -c^jjdx l 

tl^ d x**^©**!*, h>*^»««3 0 3*> 
6«TJ8<DBa»8Se*»3 0 5 (Dj£*T**:b&<fc 5 tcK 

&<> Sffir w»{ b@s/f 302 ±rx 9 ^ > 40 

TWAfcflttSR (CI) €r^^M3^>*'^feO<«— 
ttfbK* (CO) CCT>^-=.T (NH 3 ) £MRILft:2tf 

[0052] ;wc, fflijn^' vrmzmm-ztctbic. ± 
^b^w^fflffiSji^cfcoTiisrSo »b^y 



45ffi2 003-243630 
10 

(MK'*yrjR6 1 ^Mt^o C(DlHS^U7i6 1 
«\ ^ < cb TMR^i 1 1 3 © h >^«il 3 0 3 
fflJffl*$J:i>*h>^;H»aW3 0 3 iSBttWI3 0 4iO|? 

Ka^^M^n^^^So s/dMS^yy 

H6 1W\ *JR (**^*>fe*tf) ^7ki8S-Y:*>, 

<bv u * >R©teccmtfa<tr ^ * ARrjgflE-r 

-2>Ci^r*-5> 0 flEB*ffi«. TMRS^13© 

[0 05 3 ]»^ U^hMHi*ji , ;v^77^ 

SrttlXLT, TMRfT13<!:I27>f^>^7K 
3 5 4t««tS^W^«3 1 7?:TMR11I©- 
SB€rfflC*r»J3tTS 0 CCtlt LTSfrfbHSi 3 

0 2 £5&ffi1$ttJB3 0 5i^'»J TJHtrJBJiS-rs. 
[0 0 5 4] ^fc, S3 CD (3) CCTjVriSCC. CVD 

j£fcL< ttPVDffiCCioT, TMRf^l 3%m>? <fc 

6tt-6»4tB»«4 4**ar*. CCDi # TMR^i 1 

1 3©wjffi«, Ht^> 3 >s /c«Sf tr;i/ $ ^ 

4|BtHBt4 4©i|ffllBI»fi«F«:»ttt»H»«:S6Sn* 

«L//c»4©lttllW4 4»ffl*¥mr*i<t«>CC % T 
MRf^l 3©«_bH©*+ ?7»3 1 3^r^Ui$^ 

So 

[0 0 5 5 ] aWWttlBJ»?Bfia3Ea5Cc J: , 

s^ja^7-k^i uctmrs^i 3*rfflccLr;fttt 

^C^HL^TMR^l 3CC««-TSt^ htRl 
□ It, LSIOx^P-feXISiSTS^. 

[0056] ±fa»su* ysjaosjs^rffirti. tm 
r m -7- 1 3 ©wracc * > *a s & t > own' * »; r 
®6 i*jBi5sr*c<fc*e>, «^«a7ctt»iKD**-f 

t>«<MS©*H^^>^TMR^ 1 3<om 
BB<tD«Arsci;*J|»jI:3ti*. CCD*£^, «^.«* 
4ffiiSlg4 4©JBJ5SXg«:*Jl*r»4ie»R4 4 *<J: 0 

T-l 3©h>*;UJ(fi»JB3 0 3(DRW^{bUT:H»^ 

3 0 3 ^^^S8^b^S® 302i IB«H 3044 
•Tiiir^MH^HiKSni. */c. h>*^jB)»»3 
0 3*^r»flESn*»{tHffi»3 0 2^IB«^3 0 
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[0 05 7] ttfc, ±iBH*60JB!8rttWL/d»aae<D 
[0 05 8 ] 

ell. mmLtc^^^^mcDm^^ 

y»acccl:n«, TMR3R^HMffiK:*3R (**-<^>«> 10 
MRJPHF-3WiMtS*i»C&aft«a<, Sto»l*R*K:** 
X, «tt^k*5&<«JBtt©Kl»TMR*-T-*ffttL/c 

[0059] **i8cr>«a^* y »B©«a^stCcfcti 20 
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offiiiH*aat«©M{ ktt»H*r tmr act-aw t s ti 

CO/cJO, TMRl*tt©*ft-*>h>*iHS!S^ 
**«c < fWitt©iSl> TMR*^*JS« * U « 
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